The problem of the softening of radiation by multiple Compton scattering in an atmosphere of free electrons is considered. An idealized problem in plane-parallel atmospheres is formu lated and the appropriate equation of transfer is approximately solved. The modified dis tributions with wave-length of the radiation emergent after transmission through various optical thicknesses of an incident monochromatic flux of radiation are tabulated. The calculations show that there is a relatively high probability for quite large shifts after transmission through optical thicknesses of order even unity.
A problem of some interest which arises in certain astrophysical and other contexts relates to the manner in which radiation of a particular wave-length gets modified by multiple Compton scattering in transmission through an atmosphere of free electrons. In considering this problem we shall suppose th at an infinite plane surface radiates uniformly in the outward directions with a known spectral distribution and th at above such a radiating surface there is an atmosphere of free electrons. I t is required to find the modified distribution in wave-length of the emergent radiation. In this paper will be shown how, with certain simplifying assumptions, this problem can be solved. On the mathematical side the novelty of the problem arises from the somewhat unusual type of boundary value problem in elliptic equations to which it leads.
T h e e q u a t io n o f t r a n s f e r a n d it s a p p r o x im a t e f o r m s
As has already been indicated, we shall consider an atmosphere of free electrons stratified in parallel planes, in which all the properties are constant over the planes z -constant. We shall further suppose that, for the wave-lengths which come under discussion, it is an adequate approximation to consider the coefficient of scattering as independent of wave-length and as having the classical (Thomson) value c r = Sn e4 T m ¥ Ne >
where e denotes the charge on the electron, m its mass, c the velocity of light and Ne the number of electrons per unit mass. However, it is in the essence of this problem th at we do not ignore the change of wave-length, £A, on scattering. We shall suppose th at this is given by
me where 0 is the angle of scattering and h is Planck's constant. This last assumption implies that the thermal motions of the electrons can be neglected (cf. Dirac 1925) .
Under the assumptions stated in the preceding paragraph, the equation of transfer governing the radiation field is 
where p i s the density and 7 ( z , # ■ ,A ) is the specific intensity o length A at height z $nd in the direction # to the outward normal. Also in equation (3) cos 0 = cos# cos#' + sin# sin#' cos^'.
The form for the source function represented by the second term on the right-hand side of equation (3) arises from the fact th a t in accordance with equation (2) we must consider radiation of wave-length A --(1 -cos0) me in the direction (#', < j> ') in order that when scattered in the direction (#, 0) it may have the wave-length A considered. I t will be noticed th at in writing the equation of transfer in the form (3) we have assumed th at the radiation is scattered isotropically by the electrons. I t might be considered an improvement to allow for an anisotropy of the scattered radiation according to the ' phase function ' f(l + cos2 0)^p-.
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But to allow in this manner for the anisotropy of the scattered radiation without a t the same time allowing for the partial polarization of the scattered radiation is not a strictly justifiable procedure (cf. Chandrasekhar 1946). However, these are refinements which do not make any difference in the * first approximation ' in which we shall solve the equation of transfer. Writing p = cos# and introducing the optical thickness the equation of transfer becomes (9) we shall adopt the method of approximation which the writer has developed in recent years for solving the various problems of radiative transfer in the theory of stellar atmospheres. (For a general account of these investigations see Chandrasekhar 1947 .) The essence of this method is to replace the integrals which occur in the equations of transfer by sums according to Gauss's formula for numerical quadratures. Thus, in the nth approximation, we replace equation (9) by the system of 2n equations
.., ± n), ( 10) where the /q 's are the zeroes of the Legendre polynomial P2n(fi) and the a/s (aj = a_f and 7 = + 1,..., ± n) are the appropriate Gaussian weights. Further, inequation (10), we have written I{(t, A) for 7(t,/^, A).
In subsequent work we shall restrict ourselves to the first approximation. In this approximation 1 1 and / i+ = ~n_x V3-Equation (10) now leads to the following pair of equations: It is convenient to introduce the variables 07. 0A W +i -I -1).
(11) ( 12)
where A0 is some suitably chosen constant wave-length. In terms of the variables x and y equations (12) and (13) become
and
According to the remarks in § 1 it is necessary to solve equations (15) and (16) 
and /_i(0, y) = 0, specifying respectively the known spectral distribution of the outward radiation a t the base of the atmosphere at x = on the atmosphere at # = 0.
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Subtracting equation (16) from (15) we have Js dtT r x 3 a /r r .
We can therefore write
The conservation of the net integrated flux of radiation readily follows from equation (20). Next, adding equations (15) and (16), we have
or, substituting for I+1 + I_x and I+1 -I_x according to equations (20) and (21) we have
Equation (22) (20), (21) and (24), we find th at
The boundary conditions (17) and (18) are therefore equivalent to
Our problem then is to solve the elliptic equation (25) with the boundary con ditions (28) and (29). I t is of interest to recall in this connexion th at in an analogous problem in the theory of differentially moving atmospheres, we are led to a similar boundary value problem in hyperbolic equations (cf. Chandrasekhar 1945).
T h e s o l u t io n o f t h e b o u n d a r y -v a l u e p r o b l e m
I t will now be shown how the boundary-value problem formulated in § 3 can be solved. The method of solution is based on Green's theorem. Now Green's theorem as applied to equation (25) is th at the integral around any closed contour vanishes if / and v are any two functions which satisfy equation (25). In applying this theorem to our problem we shall let / stand for the solution satisfying the boundary conditions (28) and (29) and choose v to satisfy certain other conditions to be specified later. We shall further suppose th a t/te n d s to zero sufficiently rapidly for y^±co, for the various integrals which occur in Green's theorem to converge when taken round the closed contour consisting of the pair of infinite lines x = 0 and x = the opposite directions. (It will later become apparent th at for xjr{y) tending to zero sufficiently rapidly for y ± 00, this will indeed be the case.) Green's theo to such a contour gives n (* i-4 ;L o * -n M m
On the other hand, according to equation (29) (IL-'-KL Inserting this value for (df/dx)x=0 in the integral on the left-hand side of equation (30), we find, after an integration by parts, th a t 
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Alternatively, we can also write
2) dp.
Equation (48) 
and (53) where p and q have the same meanings as in equations (46). Combining equations (50), (52) and (53) 
Equation (55) determines f(xv y) and the derivative (df/dx)x=Xi then follows from equation (28).
With our knowledge of/ and its derivatives along = 0 and x = x1 completed in this manner, the value o f / a t any interior point of the infinite strip bounded by the lines x = 0 and x = xx can be determined by a simple application of Green's (cf. Frank & von Mises 1943).
T h e s p e c t r a l d i s t r i b u t i o n o f t h e e m e r g e n t r a d i a t i o n
From the linearity of the equation of transfer and more particularly of the reduced equation (25) it follows th at the solution for an arbitrary continuous function fr{y) can be derived simply from the solution for the case
where 8(y) is the ^-function of Dirac. Thus, if 7+1(0, y\ 8) denotes the solution for the emergent radiation for the case when the surface at = xx radiates monochromatically at a wave-length A0 (cf. equation (14)), the solution when the surface radiates with a spectral distribution corresponding to an assigned fr(y), is given by
It might be thought that the assumption of monochromatic emission by the radiating surface is incompatible with our earlier expansion of A) in a Taylor series (cf. equation (8)). But this is not the case. For, the manner of deriving the solution for an arbitrary \J r in terms of the solution for the case (56) is a mathematical statement strictly concerning the solution of the boundary value problem for mulated in § 3 which has no bearing on what has gone before. However, our earlier assumption concerning means now, that physically significant solutions are obtained only after 'smearing' l+1(0,y; 8) by a relatively smooth function i]f{y) according to equation (57) . With this understanding we proceed to consider the basic solution / +1(0, y, 8) oi our problem.
For \/r(y) = 8(y) it is apparent that (cf. equation (44) (59) (60) (^2+ ? W V ( 1+A2) We are, of course, particularly interested in the distribution with wave-length of the emergent radiation. According to equation (26) 1 + 1 (o 'y) = KI+ V 3 (/+I)Lor, using equation (29) 
Jo
where it may be recalled th at p and q are given by equations (46). 
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For any given xx and y, the emergent intensity can therefore be found by ating the integral (63). In this manner Mrs Frances H. Breen and the writer have evaluated l+1(0,y; 8) for various values of y and for values of x1 = 1, 2 an results of the calculations are summarized in table 1 and further illustrated in figure 1. In examining these results it should be remembered th a t y measures the wave-length shifts in units of f the Compton wave-length (= 0-016 A). And the values of xx for which the calculations have been made correspond to optical thicknesses equal to §, -f and 2, respectively. From table 1 and figure 1, we observe that the calculated distributions predict finite intensities to the violet as well. An exact solution of the equation of transfer (3) will not, of course, predict this. The error in our treatm ent was clearly introduced in passing from equation (3) to (9). Indeed, the area to the left of = 0 may be regarded as a measure of the inaccuracy introduced by our approximative treatm ent of the equation of transfer (3). It is therefore gratifying to note th at even for tx = |, the contribution to the violet in the total intensity is less than 15 %. A further point to which attention may be drawn in this connexion is th at the derived spectral distributions (table 1 and figure 1) are probably less affected by the passage from the exact equation (3) to the approximate equation (9), in the region of large wave-length shifts than in the region of small shifts; for, as r becomes different from r x, the circumstances become more favourable for the use of the Taylor expansion (8) when 8X/y is large than when 8X/y is small.
One somewhat unexpected result which emerges from the calculations is the relatively high probability of quite large shifts after transmission through optical thicknesses of order even unity. (According to the remarks in the preceding paragraph, this result is probably not dependent on our approximate method of solution of the equation of transfer.) This result has some interesting astrophysical applications. But it will take us too far outside the scope of this paper to go into them here.
The writer is indebted to Mrs Frances H. Breen for valuable assistance with the numerical work. 
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The oxidation of gaseous formaldehyde at temperatures in the region of 340° C has been studied manometrieally and analytically. The observations made by previous investigators on the reaction have in general been confirmed, but, in addition, certain new kinetic data have been obtained. In particular, the effect of diameter on the rate has been shown to be much less profound than had been reported previously, and the coupled decomposition of formaldehyde, induced by the presence of only very small amounts of oxygen-a fact pre viously noted by Style & Summers-has been confirmed. In order to explain this new data and to provide a more satisfactory alternative to the reaction schemes already proposed for this reaction, a mechanism based on the oxidation of hydrogen and hydrogen/carbon monoxide mixtures, to which formaldehyde may be regarded as analogous, and involving H and O atoms and OH and H 0 2 radicals has been developed which will account for the observed facts satisfactorily, and does not involve the postulation of the rather cumbersome intermediates previously put forward.
Since the oxidation of many organic compounds, particularly hydrocarbons, pro duces formaldehyde as an intermediate, a knowledge of the mechanism by which formaldehyde is itself oxidized is of importance in placing the kinetics of such oxidations on a sound footing. This reaction has been studied on five previous occasions, by Askey (1930 ), Fort & Hinshelwood (1930 , Bone & Gardner (1936) , Spence (1936), and Snowdon & Style (1939) . Only in the last two investigations have reaction schemes been proposed, and we consider th at these cannot be regarded as
